






























































































































































































































Appendix C 
Example Determination of Longer Term Average Emission Limit 

This appendix provides sample calculations to illustrate EPA's suggested approach for 
determining an appropriately adjusted JO-day average emissions limit, calculated on a rolling 
average basis. Similar techniques could be applied in determining adjustments for other 
averaging times and for other types of limits such as limits on emissions per unit heat input. For 
simplicity, this example addresses a plant with a single emission unit, which may be part of a 
plan in which other plants or other units are subject to other limits that may be evaluated 
similarly. 

Various steps in the determination of appropriate limits may be dependent on the control 
strategy that is used to achieve the necessary emission control. In Step 1 of these example 
calculations, different control strategies can result in different stack parameters, and the 
modeling analysis that determines emission limits should use stack parameters that are 
appropriate to the expected control strategy. In Step 2, the selected emissions data base should 
reflect use of the expected control strategy. The EPA anticipates that the control strategy will be 
identified based on the modeling in Step 1, and the EPA expects that calculation of a comparably 
stringent longer term average limit in the subsequent steps will not lead to any changes in choice 
of control strategy. 

Step 1. Step 1 of these calculations is to conduct dispersion modeling to dete1mine a 
source's critical emission value, a tenn that refers to the hourly emission rate that the model 
predicts would result in the 5-year average of the annual 99111 percentile of daily maximum hourly 
S02 concentrations at the level of the NAAQS. While this rate could be established as a 1-hour 
emission limit without further averaging, here the rate also serves as a baseline fot determining a 
longer term average limit (in this example, a 30-day average limit) consistent with this guidance. 

The subsequent steps in the calculations are to determine the percentage by which the 
critical emission value should be adjusted downward to determine the value of a 30-day average 
limjt that would be comparably stringent. No further dispersion modeling would need to be 
conducted. With these example calculations, the attainment demonstration modeling would use 
the critical emission value, while the limit in the SIP would be the adjusted 30-day average limit. 
The SIP submittal would provide the justification that the adjusted longer term average limit in 
the SIP provides comparable stringency as would be obtained with a I-hour average limit at the 
modeled critical emission value, along with any additional infonnation, particularly .regarding 
prospective emissions variability, that addresses the adequacy of the longer tenn limit for 
providing for attainment of the NAAQS. 

Step 2. Step 2 is to compile emissions data reflecting the distribution of emissions that is 
expected once the attainment plan is implemented. Emission distributions describe the frequency 
with which different emission levels occur, which may be depicted by graphing the number of 
hours per year (for example) that emissions are within a particular range, as a function of 
emission level. 
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A key element of this step is selection of an appropriate emissions data set. This step is 
especially important if the attainment plan is expected to involve installation of control 
equipment or other similarly significant changes in operations. The choice of control strategy can 
have a significant ~ffect on the emission distribution. For example, installation and operation of 
flue gas desulfurization equipment, particularly in absence of requirements for continuous 
operation of the equipment, can lead to an emission distribution in which most emission values 
are significantly lower but occasional values remain relatively high, thus enlarging the difference 
between peak emission values and longer term average emission values. Consequently, if the 
source being addressed does not currently operate flue gas dcsulfurization equipment but the 
attainment plan is likely to involve installation and operation of such equipment, then the current 
emissions profile data for the source may not provide a suitable representation of the variability 
of emissions that might be expected after the attainment plan controls are in place. 

In such cases, Step 2 would involve identifying another set of data that better reflects the 
source's expected emission variability, presumably from another comparable source that is 
already implementing the control strategy that the target source anticipates using. In selecting a 
data set to represent the source's expected emission variability, it is impo1iant to compare the 
characteristics of the source that obtained the candidate data set to the characteri sties of the 
source under consideration in the control strategy, focusing on characteristics that would 
influence the emission patterns. The two sources should generally be in the same industry and be 
used in a similar manner; for example, an EGU generating electricity on a base load basis would 
tend to have a different emission pattern than an BOU generating electricity on a peak load basis. 
The data are used in a relative sense, so the magnitude of the emissions need not be the same 
(although two sources of the same type with similar emission levels may be more prone to have 
similar relative emission patterns). 

In other cases, the air agency may determine that an area could attain through a control 
strategy that wrn not significantly change the emission distribution (as may be true, for example, 
for a strategy involving a switch to lower sulfur coal with similar sulfur content variability or for 
a strategy involving enhancement of e~isting control equipment). Where the control strategy 
does not significantly change the distribution, the source's current emission distribution may be 
the best indicator of the source 's post-control emission distribution. Irrespective of whether the 
future emissions variability does or does not match the historic emissions variability at a source, 
a critical element of Step 2 is to assure that the data used to analyze prospective emissions 
variability at the source properly reflects the emissions variability that might be expected at the 
source once the SlP is implemented. 

These emission data obtained in Step 2 will presumably be obtained from CEMS, since 
otherwise the quantity of data needed to determine an appropriate adjustment would likely be 
unavailable. The raw data should be compiled in the form of hourly emissions. For this example, 
these data are also used to compute rolling 30-day average emissions levels. 

Step 3. Step 3 is to use the distribution of hourly emissions data obtained in Step 2 to 
compute a corresponding distribution of longer term emission averages. (In this example we 
compute 30-day emission averages.) Several approaches are possible for computing these 
averages. The EPA generally recommends using the data handling procedures of MA TS, 
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including calculation of a new 30-operating day average at the end of each operating day 
(defined as a day with any operation). Inherent in this recommended approach is that hours 
without operation are not included in the average. The approach used in the analysis shouJd be 
the approach that is to be established for determining com~liance with the limit.. 

Step 4. Step 4 uses the distributions of the hourly values compiled in Step 2 and the 30-
day average values computed in Step 3. Specifically, Step 4 determines the 99th percentile of the 
1-hour average emission values compiled in Step 2 and the 991h percentile of the 30-day average 
emission values computed in Step 3. 

This example uses infom1ation from the upper end of the range of emissions, in order to 
best assess the relationship of 1-hour and 30-day average data when a source is exactly 
complying (i.e., with no compliance margin) wilh potential limits for those averaging times. Just 
as the NAAQS applies a 99 111 percentile statistic, to use a more robust statistic in evaluating air 
quality than the peak value, this example uses 99th percentile statistics to represent the 
relationship between I-hour and 30-day average values for the highest emission values. By this 
means, this analysis focuses on the portion of the emissions distribution where compliance is 
most at issue, while using sufficient data to obtain an adequately robust result. 

Step 5. Step 5 is to compute the ratio of the two 99th percentile values. These values are 
taken from the same point in the respective distributions, and maybe presumed to reflect a 
comparable control regime. The 99tn percentile of the hourly emission values would not Qe 
expected to match the critical emission value; this statistic is only used in a relative way, to 
compare to the 99th percentile of the 30-day averages, as a means to estimate how much lower a 
30-day average limit would need to be to have comparable stringency to a 1-hour limit at the 
critical emission value. 

Step 6. Step 6, the final step, is to multiply this ratio times the critical emission value, i.e., 
the l -hour emission limit that modeling fow1d to provide for attainment. The result of this 
multiplication is a 30-day average emission limit which may generally be considered to have 
comparable stringency as a 1-hour limit at the modeled attairunent level. 

The fo llowing are example results of these steps, for purposes of illustration. This 
example uses the data for the scenario presented in Appendix B, to compute a suitable 30-day 
average limit for a hypothetically restarted Canadys plant. 

In Step 1, a modeling analysis determined that a limit of 1831 pounds per hour is 
necessary and sufficient to provide for attainment near Canadys. 

In Step 2, the historic Canadys emissions data, which reflected no emfasion control 
equipment, were determined not to provide an appropriate representation of future emissions 
variability1 insofar as the SIP was expected, in this illustrative example, to require installation of 
flue gas desulforization equipment (based on the judgment that this would be necessary to meet 
the 1831 lbs per hour limit). The flue gas desul:furization equipment would be expected to alter 
emissions variability significantly. Therefore, Step 2 involved obtaining emission data from a 
difforent source, in particular a source using flue gas desulfurization. In this example, emission 
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AppendixD 
Review of Relations hips Among S02 E missions Data With Var-ious Averaging T imes 

Using data available in the EPA's Clean Air Markets Division Air M~rkets Program Data 
(ampd.epa.gov) of electric generating unit S02 emissions data, the EPA conducted a review of 
the relationships among averages of S02 emissions calculated with various averaging times. This 
review was intended to determine typical relationships among emission limits reflecting different 
averaging times that might be considered to be comparably stringent. 

For reasons discussed in the associated guidance document, the statistical relationships 
within the highest subset of emissions data are most germane in determining limits with different 
averaging times that could be considered comparably stringent, in part because these data best 
indicate emission patterns during times when compliance will be most challenging. To assure the 
use of reasonably robust data, Appendix C presents sample calculations that use the top one 
percent of the emissions data. ln particular, these sample calculations determine the ratio of the 
99th percentile of 30-day average emission values to the 99tJ1 percentile of 1-bour emission 
values, as a means to estimate the ratio of 30-day to I-hour emission Limits that could be 
considered comparably stringent. The purpose of the review described in this appendix is to 
assess typical values of this ratio. 

This review used data for all sources meeting the following criteria: (I) the source 
operated and reported data for some part of every year from 2009 to 2013, (2) the source 
operated and reported data for the equivalent of 3 years out of these 5 years (1 ,095 days), (3) the 
source burned coal as the primary fuel for all 5 years, and (4) the S02 emission control 
equipment operated at the source was the same across all 5 years. This review analyzed data for 
the 615 sources that met these criteria 

The EPA subctivjded the sources into three categories, based on control type, in order to 
highlight differences in emission patterns as a function of control type that are evident in the 
data. These three categories are: (1) sources controlled with a wet scrubber (210 sources), (2) 
sources controlled with a dry scrubber (90 sources), and (3) somoes with no advanced S02 
control equipment installed (3 J 5 sour.ces). 

The EPA computed a variety of statistics according to the methods in Appendix C. 
Tables 1 and 2 summarize the results of most interest, reporting ratios of 99th percentile S02 
emission values and standard deviations of the ratios, respectively, for 30-day average S02 
emission values (computed on a rolling daily basis) versus 1-hour values, and 24-hour average 
S02 emission values (computed on a calendar day basis) versus 1-bour values, for each of the 
above three source types. 
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data for Unit 4 of the Weston plant were determined to provide a suitable representation of the 
SIP source once flue gas d~sulfurization is implemented. 

In Step 3, 30-operating day averages of these emissions were calculated. 

In Step 4, the 991h percentiles of the 1-hour values and of the 30-day average values were 
determined to be 493 pounds per hour and 338 pounds per hour, respectively. 

In Step 5, the ratio of these values (i.e., 338 divided by 493 pounds per hour) was 
calculated to be 0.685, or 68.5 percent. 

In Step 6, this ratio was multiplied by the critical emission value (68.5 percenttimes 1831 
pounds per hour) to obtain a result of 1254 pounds per hour. Thus, in this example, a 30-day 
average limit 'of 1254 pounds per hour is estimated to be a 30-day average limit with comparable 
stringency to a I-hour limit of 1831 pounds per hour. That is, in this example, while a 30-day 
average limit of 1254 pounds per hour provides more flexibility to accommodate emissions 
variability, coupled with ·a requirement that emissions generally be lower than they are required 
to be with a 1-hour limit of 1831, approximately the same control strategy is expected to be 
required by either limit. 
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Table 1. Average ratio of 99111 percentile 30-day average S02 emission value and of 99th 
percentile 24-hour average 802 emission value to the 99111 percentile of hourly 802 emission 
value 

Source Type 30-day vs. 1-hour 24-hour vs. 1-hour 

Sources with wet scrubbers 0.7l 0.89 

Sources with dry scrubbers 0.63 0.81 

Sources with no control 0.79 0.93 
equipment 

Table 2. Standard deviations of the ratios of 99111 percentile 30-day average S02 emission value 
and of 99lh percenti le 24-hour average S02 emission value to the 99th percentile of hourl:y S02 
emission value 

Source Type 30-day vs. 1-hour 24-hour vs. 1-hour 

Sources with wet scrubbers 0.23 0.14 

Sources with dry scrubbers 0.19 0.19 

Sources with no control 0.07 0.04 
equipment 

These results indicate the significant.effect of control type on emission distributions. 
Review of the underlying data suggests that an important part of the variability of emissions for 
sources with emission control equipment is the variability 1n control equipment operation. These 
results also provide insight into the range of adjustment factors that may be considered typical. 
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